Abstract-The effect of diazepam on the adenylate cyclase system was studied in rat synaptosomal membranes.
It is well-known that seizures lead to the increase of cyclic AMP level in the central nervous system (1). In addition, propranolol, a 8-adrenergic antagonist, has an anticon vulsant effect (2), and dibutyryl cyclic AMP produces seizures in animals when injected intraventricularly (3). These previous studies indicate that brain adenylate cyclase system is involved in the regulation of epilepsy.
On the other hand, the binding affinity of benzodiazepine agonists to their receptors is modulated by guanine nucleotide (4, 5) as generally seen in a hormone sensitive adenylate cyclase system (6, 7). In addition, the presence of at least three types of ben zodiazepine receptors, a high affinity type with KD of 3.6 nM for diazepam (8), a low affinity type with KD of 45 uM for diazepam (9) and a peripheral type with KD 1.1 nM for Ro5-4864, an apparently specific peripheral benzodiazepine binding site ligand (10), was observed in rat brain. At present, however, there is no evidence that benzodiazepine re ceptors could be coupled with the adenylate cyclase system. (final concentrations of 50-500 flM) were incubated at 4°C for 2 hr. The samples were filtered through cellulose nitrate filters (0.45 ,am pore size) and im mediately washed twice with ice-cold 50 mM Tris-HCI buffer (pH 7.4). Nonspecific binding was determined in the presence of 2.5 mM unlabeled diazepam and subtracted from total binding to give specific binding.
Materials and Methods

Materials
Measurements of adenylate cyclase ac tivity and protein: Adenylate cyclase activity was measured according to the method of Salomon et al. (11) with some modifications (12). The assay system consisted of 50 mM Tris-HCI (pH 8.0), 10 mM MgC12, 8 mM theophylline, 15 mM phosphocreatine, 50 units/ml creatine phosphokinase and 0.1 mM [3H]ATP (5x105 cpm) as a substrate in a final volume of 200 /,,I. After incubating at 30*C for 20 min, the reaction was terminated by the addition of 200 of of 10% sodium dodecyl sulfate/10 mM EDTA solution. In the cases indicated, either 100 ,uM GppNHp or 5 mM NaF/200 flM AIC13, which promoted the effect of NaF (13), was added to the reaction mixture. Protein was determined by the meth od of Lowry et al. (14) using bovine serum albumin as the standard. Results Effects of diazepam on adenylate cyclase activity: Synaptosomal membranes from rat brain were pretreated with 400 ppM diazepam for 2 hr at 30°C, and then adenylate cyclase activity was measured in the presence or absence of GppNHp (Fig. 1) . It should be noted that the degree of the inhibition by diazepam of the cyclase activity in the pre sence of GppNHp (36%) was greater than that of the basal activity (24%). The inhibition by diazepam of the cyclase activity was dependent on its concentration (data not shown. (Moreover, the cyclase activity in the absence of diazepam was almost unchanged during the incubation up to 3 hr (data not shown).
In order to further eliminate the nonspecific effect of diazepam because the concentrations of diazepam required to inhi bit the cyclase activity were relatively high, attempts were made to examine the effect of Rol5-1788, an antagonist of a high affinity receptor in the central nervous system, at the same concentrations as that of diazepam. The data shown in Table 1 indicated that 400 PM Rol5-1788 had no effect on adenylate cyclase activities in the presence or absence of NaF-AIC13. Furthermore, the effect of diazepam was not antagonized by Rol 5 1788. We also observed that diazepam had little inhibitory effect on adenylate cyclase activity in peripheral tissues (data not shown). (Table 2 ). In contrast, 50 mM NaCI had no effect on the inhibition by diazepam of both enzyme activities. 
Discussion
The results presented here show that micromolar concentrations of diazepam inhi bited adenylate cyclase activity in the pres ence or absence of GppNHp in rat synap tosomal membranes.
Indeed, the degree of the inhibition by diazepam of the cyclase ac tivity in the presence of GppNHp (36%) was greater than that of the basal activity (24%) (Fig. 1) . Furthermore, the KD value for [3H] diazepam was significantly increased 2-fold by the treatment with GppNHp without a change of BmaX (Fig. 2) . These data, together with our recent studies (15) showing that the preincubation of the membranes with pertussis toxin suppressed the effects of micromolar concentrations of diazepam on the inhibition of the cyclase activity only in the presence of GppNHp, suggest that micromolar concentrations of diazepam act on at least two sites: one is a low affinity benzodiazepine receptor, linked to the in hibitory GTP-binding regulatory protein (G;), and the other is the catalytic protein of the adenylate cyclase system in rat synaptosomal membranes.
Although the action of some neurotransmitters has been known to be mediated by G1, which in turn causes the inhibition of adenylate cyclase activity (16, 17), the mode of the action of benzodiazepine is unclear on adenylate cyclase system.
Recently, Fung and Fillenz (5) The present study further indicated that bromide ions enhance the effect of diazepam on the inhibition of adenylate cyclase activity in the presence of GppNHp, although bromide ions had no effect on the cyclase activity in the absence of diazepam irrespec tive of the presence of GppNHp (Table 2) . These data are consistent with those of Martin and Candy (22) 
